The adjustment of linear and non-linear models to describe the longevity of seed was studied here. The Bayesian analysis is a robust statistical procedure with many possible applications. In this study, the Bayesian method was used to fit the seed germination data of two maize hybrids (OC705 and CD5501) as a function of the number of days after female flowering on two sowing dates (E1 and E2) to the following non-linear model:
Introduction
The fitting of linear and nonlinear models to describe the longevity of seed lots has been the target of various research groups (Andreoli and Andrade, 2007; Marcondes et al., 2011) . Many of these models are based on Probit, linear and nonlinear regressions (Sanchez-Coronado et al., 2007) . In contrast, Bayesian inference is not yet common to describe germination percentages of maize seeds. However, Filho et al. (2008) tested parameter consistency based on credibility intervals of growth curves fit to data from common bean cultivars. The advantages of use of Bayesian framework in the analysis of genetic experiments have been presented and discussed by several authors (Mora et al., 2009; Cané-Retamales et al., 2011; Safner et al., 2011; Silva et al., 2013; Mora and Serra, 2014) .
In maize, Balestre et al. (2012a) conducted a Bayesian survey of multiple corn characteristics, in which they highlighted the importance of pleiotropic effects in the study of the inheritance of quantitative characteristics. The Bayesian analysis was used to study genetic control of resistance to gray leaf spot in maize (Balestre et al., 2012b) , and in the molecular analysis of genetic structure of a Brazilian popcorn germplasm (Saavedra et al., 2013) .
The Bayesian method considers the levels of uncertainty in the estimated parameters and the credibility intervals are generally more accurate than the confidence intervals, obtained using frequentist inference (Sorensen and Gionola, 2002) . This is a robust statistical procedure with many possible applications (Kass and Rafetry, 1995; Meuwissen et al., 2001; Silva et al., 2013) . In Bayesian inference, a priori information about the parameters is used in association with the sample data by the likelihood function generating a joint a posteriori distribution (posteriori  likelihood x priori) (Geweke, 1992; Kass and Rafetry, 1995; Sorensen and Gionola, 2002) . Thus, the conditional marginal distributions of the parameters obtained from the integration of the joint a posteriori distribution provide the estimators of interest (Sorensen and Gionola, 2002) .
Considering the importance of germination percentage of seeds, this paper aims to: determine the best harvest time to get maximum germination percentage and the maximum time to obtain the highest cumulative dry biomass of two hybrids in two seasons seeding by Bayesian inference. Fig.1 shows the observed (Obs) and estimated (Est) dry biomass accumulation data for the OC705 and CD5501 hybrids sown on both dates (E1 and E2). The OC705 hybrid had different dry biomass accumulations when sown at times E1 and E2, and the same result observed in CD5501 hybrid. Moreover, the OC705 and CD5501 hybrids had similar observed and fit curves at time E1, and they also had similar curves at time E2.
Results and Discussion

Study of dry biomass
The credibility interval for the difference of the parameter estimates indicated that the dry biomass of the OC705 and CD5501 hybrid seeds at time E1 or time E2 were not significantly different. However, the OC705 hybrid had significantly different accumulated dry biomass when comparing the two sowing dates and the same result occurred with the CD5501 hybrid. The distribution of dry biomass accumulation data was similar for the different hybrids sown on the same date, but these data were different for the same hybrid sown on different dates (Table 1) .
The highest cumulative dry biomass was at 48 and 50 days for both seeded hybrid at the time E1. This result differed from those found in the works of Araujo et al. (2006a) for sweet corn cultivar sweet crystal, in which the maximum dry matter occurred at approximately 41 days after flowering. However the results of these authors are similar to the results found in this work for the time E2 (Table 3) , where the maximum accumulated dry biomass occurred after 39 and 40 days. The longer time to reach the maximum of dry biomass in this study was 50 days at the E1, differing from the work of Borba et al. (1994) who studied the dry matter in simple hybrid maize seed BR 201 female. They observed that the maximum dry mass occur until 65 days after flowering, when produced in winter. Borba et al. (1995) found that the dry matter accumulation was stabilized at 58 days after flowering. David et al. (2002) reported that the maximum dry matter was achieved 68 days after flowering for DFT-2 variety of popcorn. Our results showed that hybrid corn seeds OC705 and CD5501 in E1 and E2 periods, respectively, acheived higher dry mass than simple seed corn BR 201 female and popcorn.
Study of germination percentage
The seed germination data were fit to the following exponential model:
The parameter estimates are shown in Table 2 . Parameter A was the maximum germination, and C was the growth rate of the germination percentage over the sampling time. Fig 2 shows the curves of the observed and fit data of the OC705 and CD5501 maize hybrids sown at times E1 and E2.
The credibility intervals (CrIs) allowed a comparison of the estimated parameters in the same manner, when Filho et al. (2008) compared growth curves of bean plants. The zero value belonging to the CrI indicated non-significant differences for the maximum germination parameters estimated for both hybrids and sowing dates, i.e., the germination percentages of these two hybrids and at both sowing dates were similar. Similar responses were observed for the growth rate parameter of the germination percentage. Thus, the equations fit for the seeds of the OC705 and CD5501 hybrids on the 28 October sowing date were similar, and the same trend occurred for the 20 November sowing date. However, the growth rate of the OC705 hybrid was superior at the first sowing date (Table 2) .
For the OC705 hybrid, the B parameters were significantly different (zero did not belong in the CrI) between 28 October and 20 November, indicating that the germination percentages of this hybrid on the two sowing dates were significantly different ( Table 2) .
The time for the maximum germination of seed (Table 3 ) was similar for all hybrids planted at two periods. The CD5501 sown on October 28 had the highest percentage (96.2%) in 57 days after the female flowering, followed by OC705 which showed 95% at 56 days. The CD5501 had the lowest percentage when sown on 20 November. The best planting date was October 28 and 57 days after female flowering was the best harvest time for both hybrids. Similar results were obtained by Borba et al. (1994) for the simple hybrid maize BR 201 (Zea mays L.), which concluded that the harvest should begin 55 after flowering, when the seeds were about 87% germination. For sweet corn seeds (Doce Cristal cultivar) Araujo et al. (2006a) found that the maximum germination occurs at 55 days after flowering when the germination reaches up to 97%. Borba et al. (1995) studied the seed of simple hybrid maize BR 201 female and reported 98.8% of germination at 44 days after flowering in winter. David et al. (2002) obtained the maximum germination by 99% at 44 days after flowering for popcorn, DFT-2 variety. Araujo et al. (2006b) reported that for sweet corn seeds harvested at different times, the harvest should be held to 47 days after flowering reaching a maximum of 88% germination. They reported a shorter time to harvest compared to the findings of this study for OC705 and CD5501 hybrid, which were 28 Oct and 20 Nov, respectively.
In this work, it was possible to determine the appropriate time through Bayesian inference, at which the plants should be harvested, i.e., the moment when the maximum germination percentage is reached. This percentage is indicative of the maximum physiological quality, and it helps to avoid unnecessary permanence time in the field, which frequently compromises seed performance. The procedure used in the present study also allowed an accurate comparison through the credibility intervals of the difference of the fit parameters, the hybrid types and the sowing dates. Therefore, this method was successfully applied to the seed industry to study germination percentage.
Materials and Methods
Plant materials
The field experiment was conducted at the Research Station of the Central Cooperative of Agricultural Research (Cooperativa Central de PesquisaAgrícola -Coodetec) in Cascavel, Brazil (latitude 24°56'S, longitude 53°26'W and altitude 760 m) in dystrophic dusky red latosol.
The field experiment consisted of two sowing dates on 28 th Oct (E1) and 20 th Nov (E2) in 2006 with two maize hybrids, namely, OC705 and CD5501. When the ears started to appear, the plants uniform in appearance were selected and tagged for sampling later. The day, in which 75% of the tagged plants in the plots showed 2.5 cm long silks, was considered the first day of female flowering. A completely randomised block design with four replications was used. The corn hybrids were seeded in the plots and, in the subplots, 10 samples were consecutively taken in regular periods of four days (split-plot in time). The sampling was initiated 23 days after female flowering (DAFF) and the last sample was collected 59 DAFF. Each plot was composed of four twelve-meter lines, where the first and the last lines, as well as the meter-end portion of the second and third ones were considered as borderlines. Thirty-four ears were sampled at each time.
From each ear, 20 to 25 seeds were collected in the middle portion from a single row. After the ear was sampled for the first time, it was covered with a paper bag and tied with a rubber band, to prevent access to the ear through the opening where seeds were collected. This procedure was repeated after each ear sampling. Five seeds at random from each ear were taken to evaluate the black layer development and the milk line position.
Measured characteristics
The remaining seeds were put together as one sample and taken to the laboratory for evaluation of seed moisture content and seed germination percentage, according to the Brazilian Official Seed Analysis Rules (Brasil, 1992) , dry seed weight and seed vigour using the cold and the accelerated aging tests. From time to time, with intervals of four days, seeds from the borderlines and at the same age as the ones being investigated were collected and their milk lines compared to verify the stage of development of the seeds remaining in each ear. The environmental conditions under which the field tests were conducted are summarizes in Fig 1. 
Statistical analysis
The seed germination percentage was described with the empirical asymptotic nonlinear model (Ratkowsky, 1983) as follows:
Where; y is the seed germination percentage, A is the maximum value that the response y can reach, C is the growth rate, B is a constant inherent to the phenomenon under study and ε represents the random error. Assuming that the residuals from the model described in equation (1) are additive, independent, and normally distributed with zero mean and variance ( The accumulated biomass was described by the empirical nonlinear sigmoidal model as follows:
Where; y is the dry biomass, A is the maximum value that the response y reaches, and B and C are the scale parameters. Assuming that the residuals of the model described by equation (2) Analyses were performed using WinBUGS software (Lunn et al., 2000) , and the samples were generated through Markov chain Monte Carlo (MCMC) totaling 50,000 iterations. The inferences were performed considering the last 40,000 iterations with a jump size of 50 to obtain convergent samples to be used in the inference of the parameters of the a posteriori marginal distributions.
To test the hypothesis of equality of parameters by analyzing the credibility interval, the samples of the a posteriori marginal distributions was used for the parameter differences, i.e., the difference was considered a function. If the credibility interval contains the value zero, it is concluded that, on average, the parameters of the two involved populations are equal. If the equality is verified for all parameters, it is concluded that all equations are equal (Filho et al., 2008) . The convergence of the chains was analyzed by the same software through graphical tests and the "GRdiag" Gelmam-Rubin diagram.
Conclusion
The Bayesian study described the percentage of seed germination and the accumulated dry biomass during seed maturation. Hybrids in two sowing dates were compared using credible intervals. The first sowing date was the most favorable to plant the two hybrids that must be collected from 57 days after the female flowering period when it reaches the maximum germination percentage. The highest cumulative dry biomass was 48 days for hybrid OC705 the E1 time. The results indicate that the Bayesian inference is useful in studying the germination percentage and the dry biomass accumulation should be used in seed area.
